A 596m cored borehole (hole 42/11) was drilled in 2008 to the west of the crater's central uplift at 48° 54' N, 42° 10' 45" W. The basal 20m of the core comprised an allochthonous impact breccia containing glass, monomineralic (quartz, feldspar) and polymineralic fragments. These impact breccias are overlain by 395m of Danian crater fill sediments. The oldest 90m of these post impact sedimentary rocks consist of fining-upwards sequences of poorly sorted sands and sandy mudstones. These cyclic deposits are of varied thickness (<1 -5m), and are interpreted as having been deposited by turbidity currents. Above 490m, these turbidite cycles give way to increasingly fine grained and finely laminated organic rich shales. These shales are interpreted as having accumulated rapidly within the crater lake, preserving abundant plant macrofossil debris and in the finest grained intervals, sub-mm scale lamination. Higher in the core (e.g., 315m -300m), intervals with abundant ostracods and gastropods in life assemblages are interbedded with gypsum laminations, which are interpreted as being deposited in a shallow, evaporative lake. The highest parts of the core are marked by the increased frequency of sandy strata and intervals of pale colored marl deposition. The core was sampled in ~1m intervals for palynological and stable carbon isotope analysis.
where R is the isotope-number ratio, N( 13 C)/N( 13 C), of the two isotopes of carbon in specimen P, and the equivalent parameters follow for the international measurement standard VPDB (Vienna PeeDee Belemnite).
Analytical reproducibility for the within-run laboratory standard, (sucrose/potassium nitrate) calibrated against IAEA CH-6 (sucrose) is -26.39 ± 0.09‰ (±1σ; n=43); this standard was also used to check inter-instrument consistency. In total, 453 samples were analyzed at approximately 1m intervals from 596.4 m to 181.52 m. Replicate analyses were performed on 68 samples and the mean standard deviation on the replicates is ±0.2‰ (1σ). Where replicate analyses were performed the data are reported as a mean value and the range between the mean and the recorded values. The accuracy and precision of the TOC data obtained by elemental analysis was confirmed by comparison with Rock-Eval pyrolysis and TOC data obtained on 176 samples, r 2 (174) = 0.95. The mean T max from the Rock-Eval pyrolysis, 436 ± 12°C (±3s; n=176), indicates that the organic matter in the Boltysh core samples is uniformly immature throughout the core section studied.
Statistical analyses of the isotopic data was performed using Aabel (Gigawiz Ltd), correlations are reported as r 2 (degrees of freedom) and unpaired t-tests as t(degrees of freedom), p(two tailed). Figure DR1 . A, multitaper spectral analysis of linearly interpolated raw δ C data over the entire excursion interval between 237 and 483 m (shaded region in B). This analysis highlights the presence of statistically significant cycles with a wavelength of ~30 m. Multitaper spectral analysis was conducted using 5 tapers. Data were detrended by removing the 3rd order polynomial fit prior to analysis. Significance levels were calculated based on a red noise background fitted to the spectrum (e.g. Weedon, 2003) . B, smoothed and filtered data highlighting the ~30 m cyclicity over the analyzed interval. Filtering was conducted using a Gaussian filter centered at a frequency of 0.033 (0.016 bandwidth). The inferred ~30 m cyclicity is also apparent in the raw data, and is highlighted using a 9.18 m moving average (thick black line). Cycle counting over the analyzed interval using both the raw and filtered data suggests the presence of around 8.5 ~30 m cycles. Note however the mismatch between cycles apparent in the raw data and the ~30 m filter output between 480 and 430 m. Assuming an astronomical precession (21 ka period) or obliquity (40 ka period) origin for the cycles, the duration of the entire excursion (i.e. stages 2-4) is putatively constrained to either ~178 ka or 340 ka. See main text for discussion.. 
